The Intemational Mobile Telecommunications IMT2000 terrestrial standards are investigated as a potential alternative for communications to aircraft mobile users in airport and terminal domains. Specifically, its application to Air Traffic Management (ATM) communication needs is considered. The various specifications of the IMT2000 standards are outlined. It is shown via a system research analyses that it is possible to support most air traffic communication needs via the use of 3G technologies. This technology can compliment existing or future digital aeronautical communications technologies such as VHF Digital Links Mode 2,3,4 (VDL2, VDL3, VDL4).
Introduction
Over the next 20 years, it is expected that the demand for air travel will double. This will in tum cause increased delays and capacity bottlenecks unless new measures are taken.
actively involved in modernizing the air space to alleviate those future problems such as the Advanced Air Transportation Technologies (AATT) Project. AATT's objective is to improve the overall performance of the National Airspace System WAS) as a whole [l] . This system level paper addresses the possible application of the IMT2000 terrestrial technologies within ATM communications. The benefits of the technologies are highlighted along with their disadvantages.
overview of the Terrestrial IMT2000 technology, an overview of the ATM applications and communication links technology relevant to this paper topic, followed by the application of IMT2000 technologies to the ATM, and ending with the Conclusions and future recommendations.
The next four sections will cover in order; an The Thiid Generation Partnership Project 2
IMT2000 Terrestrial Standards

ll.C.4-2
Forum, and CDMA Development Group (CDG).
The structure of the 3GGP2 group is very similar to the 3GPP group focusing on various subsystem specifications ranging from IP multimedia core network group, to radio access group, as well as interface between radio access and core network group, and service capability group. In addition there is a CDMA 2000 group. technologies (i.e. GPRS, and EDGE), the IS95 to cdma 2000 has also adopted its own technologies. Those technologies are the 1X Evolution Data Only and 1X DATA and Voice (1xEV DO and lXEV DV).
The specifications and documentation from 3GPP2 group evolved from the IS2000 Release 0 which offers, turbo coding, transmission diversity, high speed channel of 144 Kbh, and fast power control for downlink channels. This was then followed by Release-A in year 2000 which included 3xmulti carrier mode, up to 2 Mb/s channel rates with voice and data simultaneously. [3] shows estimated data rates for the applications in Table  2 , by year 2015. The data rates are based on an airport domain and terminal domains that are defined based on flights that are 10 minutes long. The data loads shown are for a total of 192 aircraft in the airport domain, and 137 in the terminal domain. Hence if we are interested in obtaining traffic load for any other number of aircraft we can simply divide the loads shown by the number of aircrafi (i.e. 137 or 192 depending on the domain) giving traffic per one aircraft, then we may multiply by any number of aircraft desired. Applicability of IMT2000 to ATM Communications Systems .
In this section the applicability of the IMTZOOO terrestrial technologies within the ATM communication needs is investigated. To do that one need to observe the data and specifications shown in the last two sections and determine where the advantages and disadvantages lie. Starting with the advantages that define the applicability of the IMTZOOO standards to the ATM communication needs, the following observations can be made:
Given that all the MTZOOO standards can support data rates of 64 Kbits/sec at minimum, and up to 2 Mbitskec, it is evident that the airport and terminal traffic can be easily supported using any of the IMT2000 standards in terms of data loading and throughput. This is concluded from simply looking at the total traffic loads in uplink, or downlink in Table 4 and noting that the sum off all the traffic is much smaller than what can be supported with any of the IMTZOOO technologies. Note again that traffic in Table 4 was for 192 and 137 aircraft for airport and terminal and based on traffic capability of the IMT2000 technology, a very large number of aircraft can be accommodated. In summary the IMT2000 technology capability of up 2 Megabitslsec for each user is much more than what the basic ATM services requires. The obvious advantage of having the additional capacity is to open the door 0 for future applications and services for the ATM. The BER specified for IMT2000 are generally within the ATM application requirements. Priority and QoS can be utilized if the networks are shared between passengers and cockpit. Since services to aircraft will have to come from base stations and antennas that are tilted upward (for terminal specifically), only air users (passengers and cockpit crew) will have accessing to those upward pointing base stations hence there may be no issues sharing services based on the current ATM services. That is data loads shown in Table 4 with the APAXS are still very much withii the capabilities of the IMT2000 technologies and when there is a need for more capacity support, additional sectors or frequencies can be added. Multicasting and broadcasting can be taken advantage of in various applications within the ATM. Aircraft to aircraft connections can be done via air to ground, then ground to air. This may present some additional delay although depending on the ground network this may be very minimal. The throughput and quality of service would remain the same as in an air to ground connection. The air to air communications is especially needed when in terminal approach, and for pilots to communicate to nearby aircraft.
Location based service can possibly be utilized along with the navigation capabilities already on the aircraft. Applications such as ADS-B, TIS-B, and FIS-B require broadcasting the information to a group of aircraft. The multicast, and broadcast capabilities of the LMT2000 technologies can be exploited to provide such services. None the less, it is expected that if ADS-B application will be present on the aircraft then the Mode S, or UAT links will most likely remain to be the choice for aircraft to aircraft communications and hence ADS reporting from air to ground then up to the air may not be needed. For TIS-B and FIS-B it may be advantages to utilize the capabilities of the IMT2000 technologies. Research on the use of 3G for air traffic communications and management has already shown promise via actual experiments with the use of UTRA TDD technology. That work was done as a collaborative effort between Eurocontrol and Roke Manor Research with the use of Siemens, NEC, and Roke Manor equipage that was contracted by NTT DoCoMo. The experiments involved a BACl-11 aircraft flying over several base stations transmitting live video of cockpit activity, with simultaneous voice call, and video streams from ground, supporting data rates up to 1.2 Megabitshec at aircraft speeds up to 600
The Satellite IMT2000 services provide a powerful back up service as well as a necessary service for oceanic and remote users. Extensive research has been done [SI showing integration between terrestrial and satellite services and as such providing a wealth of knowledge and expertise in a very critical area. In addition the homogeneous nature of some of the satellite and terrestrial standards such as the UTRA FDD, and SW-CDMA provides a likely avenue for the integration efforts.
-[41.
The packet based services (as oppose to the circuit data services) is a tremendous advantage, as well as a necessity for the applications of the ATM. The packet data service essentially makes the aircraft in an always ON mode and free channels when no data is being transmitted. This is necessary since most applications such as ADS reporting, as well as automet, continuous black box downloading, and others are continuously generated through out any flight and hence would not be practical with circuit based data services if a large number of aircraft is present.
Some of the possible difficulties of the IMT2000 technology for use with ATM applications include:
The spectrum is an issue, unless the technology is used within other protected aeronautical bands such as the 5 MHz band. Dedicated circuit switched voice channels may limit capacity. The choice of a single technology out of the five mentioned in the IMT2000. The technologies can not be intermixed and hence a single technology has to be chosen nationally or globally to make the concept more financially feasible. Having more than one system equipage in addition to being costly, it will also waste equipage space on the cockpit. Note although still in its premature ages, Software Radio manufacturers are already putting out dual mode systems that can proof to solve this problem if more than one technology is utilized.
With the exception of the Roke Manor Research, not enough research has been done for the technology potential for air mobile users (vs. ground users). A typical 500 Kmihr speed limitation is seen for most terrestrial standards that reflects maximum speeds for ground transportation (fast trains). Again it is mainly due to the minimal research for ll.C.4-9 air users that such limitation are stated in the standards and external mounting antennas, as well as other enhancement may prove to make the service acceptable for much higher speeds. Regardless, the air traffic in the terminal and airport tends to fall within those limits simply due to the slower aircraft speeds in those domains as it compares to en route domain speeds. The TCP/IF' protocol is still not very definitive within the ATM, as it compares to the ATN protocol. As such more research may be required to accommodate the ATN protocol. Sharing, security, and band protection is a major issue depending on how the services can be implemented. Again a protected band within 5 GHz can prove advantages but will require new and not readily available equipage. Use of the IMT2000 band is on the other hand not a likely option given the requirements on band protection for aeronautical communications. Nevertheless, the higher security, integrity, and reliability of those future services may change that perception and allow for more sharing of services.
Recommendations for Future Work
Further research in more detailed aspects of the application of IMT2000 to the ATM communication needs can minimize some of the disadvantages outlined, while emphasizing the advantages. A simulation and modeling effort can pave the way for future research and ideas. Tools such as the Opnet UMTS [5] can be utilized for more detailed studies into the UTRA FDD standard.
